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[II*JI2] ^S^^bi^A^^ MgOT-fe?.if*iliia 
[0 0 0 1] 

mmi.mim^m'i if-mm. sm:^^^ hD;u=.^ 

D ;u = ^ -b ^ ^ICM -r ^ o 
[0 0 0 2] 

[t^*©S'*St/^H^A^S?* bio i: t- SPS] mm.:^ 

[0 0 0 3] -?-c:T% «^J^«T> ^^-lr>© 1 /imy.T 
OMSff.t^h-r-i.iSi^^'i^, (Thin Solid Film 

8,94,171,1982) -^^y^^oLT-yui^sLvY-m (L 
BS:Thin Solid Films, 99,283, 1983) \Z^^fst)i\X 

IE?LO^S&^{f S ^ h =t 5 l^v^^^3a^S:f# 
Z.hi^^<btiX\-'^ (1^58^5 7-5 1 7 8 1 
IB159-19439 3^&IS#M) o bi^U 
ff i o i: bTi«SI^S^J)D-r S i:^?isJtnT X^^ofS 

[0 0 0 4] ^e.cr> |g^®i:bT(i> ^mam {'^iz 
nros mnee 1-378 i ^^{im. isie 1 - 3 

7 8 8 2 ^^m. iRl61-37883 ^^5;^, Is) 6 1 - 

3 7 8 8 4^s'^#BB) , bipu ^mo^f&mmti. 
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X'^tjiifi^fzo Si 02 ^#«^i:«4i®Htif Abfe 
a^tCfi, ggMT^SilbT;^^'^-;^^ U ><y^C VD (fb 

Si:. *^EL»^^«jE!gbTl^55^3tg^IE?Li£A® 

^3fflv^e.^^Tv^?,*^^^ii$,?>l^^i^S^b^^^, W 

CD ?£ A^^ffi ^ ^ -y- S i: V ^ o W ^ S St- PcSM AS 

ofco Si 02 ^mmmti^xm^^tzmMiztii.-^ 

T> S i02 «il T0±T-b*^j5S;MbTl.^'Sl>o 
X. 3c?'>y^ttCDTange)tt. Applied Physics Lett 
er, 51 #,12 P913. !"Organic electroluminescent 
diodes j lCi'V>T. ^^tJl^ bTm^eaSWib^^ 
T-$) •!) 8 - 1 h- D + ->:3r y ij >K*fr. m^LSAJi b 

xi^7's,ymmt^^m^^^:itizxy)^ m^Rum^KD 

20 »Sf4AsS5a*®*^EL*?$r3l:K-rs±T-a5T-fe 

?£A)l^ax«tfe*j04)IS^^6tlTV^?) (Japanease Jour 
nal of Applied Physics, 27,2,L269, 1988 SV27,4,L71 
3,1988) ^%^^o:>^±tl^^ibtlti\,\, %im^(D 
lRl±<£aet)i:bT> «^aAB®'tt;*5?3{3^3f6e<t D-f 

3b W^ntV^S (i^M¥2 - 1 9 5 6 8 3^45rffi) c b*^ 
b. IE7L^^)li:bTW^t)b^PfflOTV^3S^,^fcfi!)IE^L 

nm.m^mm^%itm(Dfmzm-f^^m^m\-fibfix\.^ 

5 2- 1 9 5 6 8 3 ^4>fg, ItM^ 2-255 

7 8 8-l-ii#) . biPb. M^(Dm^, Sa»X^®ll 

^^m^-t^<^Mm%^mit2.tz. 

[0 0 0 5] 

40 [pa^p*-rsfci*®^i6] ^cD)^^. ^mM^i> 

:^^ei:[S«i©P^{r$g^tt (4. OeVW±) cd^H 

mitmm^mxLTz^mELm^-tfi. mmz{i^^±^ 

igtCb, :^'o^Z!£:\^^:3L^JV:if-^^' (.4.0 eVIii 
±) 0^*13 J:>5lE?LB^t4^£*bS^iiIE?L»S^^ 

bfco :$:5SB,§«is **^S»a{3S•5^,^T^^!gbfe^)®T- 

^ o 

[0 0 0 6] l-'S;*)*.. *:^B^{±, :%3tJli:l«@t®P^ 
50 {C. (JilTx EgfclS-r, ) *S4. 0 
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[0 0 0 7] ±S30$Q<> ^^m(D^nELm^ii. ^ 

Si 02 ^ti2>. Li^L^ W^i^d^S^fb 

^tcit^ifmflEftt-^?)> Si 02 ii.nmi'f^mzmm 
fe^o -fn^t'Mb^ ^s^^b^^ttBsafti^iS < . » 

±3t,^Tfflv^e)n?..^S^'fbtJi:{i> E gAM. 0 e vy. 

±^ b<{i4. 5 e V1.:J.±(Z)*®T-^So Egm.O 20 

[0 0 0 8] *:^B^-t-ffll/^^n5E gdH. 0 e VJ.i(.±CD 
ifeJl^-fbtliiUTtt, mn^MgO, BaO. CaO, 
Ni oVd^^lf e)n-5o ::n?>^^fb^i±. 

fi^ijtt'j^'SV'o *^B^#6*5iiabfe±i3^®^{b^©E 

MgO : 4. 5 e VJ.:A± (^l!SiR;^^i7 f# 

) 30 

B a O : 4. 2 e VW± (R.H.Bube, "Photoconductivity 
of Solids".. P233, John Wiley& Sons, Inc. (I960)). 
C a 0 : 7. 0 3 e VJ.:i,± (Phys. Rev. P1380, 1969^) 
N i O : 4. 0 e V (American Institute of Physics Ha 
ndbook(McGraw-Hill, 1972)3rd. 9-19) 
[0 0 0 9] *IS6BflCD^^E L*?{C4bMt ^^H^fbtl 

i'^h^*^^) , :^^^^y'$'Wi (2a>^/i>y^ffi, 2a 
^m, SJt5;^-'^'y^fe, 'r^>fc:-A;^/i';/^jfe^) , 

CVD (^CVD, T'vXvCVD, V— tf-CVD, 

W^^JICVD (MO CVD) m) m(D^^(Dnm.i^^ 

^^fb!^o[)Jii:L.-C©MiPtt> il${cSiJRgl±'&;v%*s. it 
^tt 1 nm~5 0 0 nmx S L< (i 2 nm~2 5 nm 50 
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e>nr^ 5 0 Onm^sgx.?)^m:t»®?iaAS;^t <^£ 

So 

[0 0 10] ^s^fbtj®fiicm*wi, matrfflv^?,^ 

Sifijat/^^^b^^ci^TS'Soo ^M^fb 

>>'^*— ®^SB5ffl*?5SS: 1X10 
-2paJ-^^T^ !ifSL<ii6 X 1 0-3patiTi:U> ^« 
5 0 nm/#JiJlTs 5f ^ b < 1 nm/#Ji(.Ti: b 

ST 2 6 0 0'Ct:i±tJD^b^M«:SliS bTfi&M-r 
S„ 2 0 0°CJUT. »Sb<«i 

1 0 0°CJ;lTT-fe-i)o Sfc. ^H^-fbifeli: bTMgO, 
^«^i:bTSlc;l4^»?£e:ffl<'>fca^li, M^^-i'V 
>'^-0^«iuCD«^fiS 1 X 1 0-2p aWT. $f ^ b < 
(i 6 X 1 0-3p Sil^rfh b, K^5=--\' >v^•-rtC^^S 

^(DS.tsk 7 X 1 0 -3p aJ-:l.±. »S b < «i 1 x 1 0 "2 

p a]u±t-bfe'^s mmmnx^^-^myis-k i o o o 

°CtJ.T> 5!f^b<!i8 0 0°Cy.T{CJJQ^b. ^«aJK?: 
5 0 nm/#ti.Ts »^ b < 1 n m/^^WT i: "T 5 o C 
© #®»|gjSiSt±> 2 0 0 °CWT^ »^ b < (i 1 0 0 
"CWT-r-feSo 
[0 0 11] *^B^©*^E L^^^ii, ±a3®EgdS4. 

[0 0 12] l^fz. *:^^§T-«V^S*MELJg^CD#^ 
b-t:^fflRlt6^t*«^b-&^fcbTtt. ItCPS^ttJSeo 

i^y-f ^•■fb^<^^ ;^5^U;i'^>-fe*>l^<b-a-f3^^^l/5 
c:i:A5-r-^5» *{*S<l(cYb^%i«$:^^-y-{i> m^\i. 
§8^5 9- 1 9 4 3 9 3-^<&^lCl2«®*>CDi)5fe{^e5n 
S. ^(D^m.mh\^X\t.. 2, (5, 7->?- 

t-^>5^;u-2-'<>y:r^-tf^yu;b) -l, 3, 4 

-^T-i^T^-^l' ; 4, 4' -t:::^ (5. 7-t--^> 
2 -'^>^^;r^-9-y U;i/) 7.7-)\^^y ; 4, 4' 

-tf;:^ C5, 7-y- (2-;<5^;i/-2-7'^;i') -2 

(5, 7-y-t-'<>^;b-2-'<>\/::rdr-!f\/U 
;i/) 5^;r7x>; 2, C5-a. a-i^/-^JV 

'^yi^ji/') -2-^y'J:t^V-V))\^) ^^r^jiy; 

2, 5-tf>^ C5, 7-i/*- (2-j<f^;i/-2-:/^ 
;i/) - 2 --<.>V::r^1tV'';;uD -3, 4 

^:r7i>; 2, (5-y?-;i/-2 — i^yvst- 

^tty;;!/) ^3r7x>: 4, 4' -t;;^ (_2--<>y 

:t^1)-^'J^))^) tf^i-il/; 5-p<^;i'-2- C2- 



(4) 
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C4- (5-p<^;i/-2-^>v;<r*lf'f v'u;u) 7i 
\^-Ju^ y'^Jju ; 2- C2- (4 

-ttv— ;uj&i:cD'^>v:r^t»-\/— -'i'^. 2, 2' - (p 

CD'^>l/^TV-;HR> 2- C2- [4- 

2- C2- (4 -;!j;i/:t?dr^7i^;U) ^ 

h 'J - • -t:/ • v-V-bT^^" • ^VXl 9 7 1 , 
6 2 8~6 3 7MiiU^6 4 OM{::?'J^^tlTV>?.o mil3 

HBge 3- 2 9 5 6 9 5^ia^i3«®-&0^fflV>?)C: i: 

7;i'i-'i7A ; tf:^ (8-dr>";y-;u) Mg ; 

(2-^5^;u-8-^>"jy^-h) 7;vi^>7A3r^ 

v K ; h (8 U >'-;U) In; h (5 - 

Z-^J V y—JV) T;U2:->i7A ; 8 -dpy U 20 

-ffV^i. ; (5-^7DD-8-^y uy-vu) 

A;U->>i7A ; :4^U CMifi (II) -\L7. (8-tKDif- 
5 - dry Uy-;U) ^^>3 ^£ir®8-hKD:3ri' 
y; > iR^iifS^*:-?' 'J ^ >i7 Aoi tr > K U > i:' 

[0 0 13] ^fe, ;^^';;L"^>-te->?R{ti-&^i: UT 
(i. ^JximiMH^tW^O 3 1 9 8 8 1 ^B^ffl»-?'0:il'H# 
tmo 3 7 3 5 8 2^Hg|ffla{Cs3«CDi.CD^«V>^:ii: 
As-ei--5o ^©f^iftfi^Jh LT(i^ 1, 4-t:;< (2-^ 30 
5=-;i'X^u;u) 'O-tfy; i, 4- (3 
;u) ^>4f> ; 1, 4-t;^- (4-^^;i/;^^'j;u) 
'^V-fe'V ; v;^^U;i/'^>-t?> ; 1 , 4-h;;^ (2-ac 

^>-fe'> i, 4-fc:;^ (3-j:^;u;^ 
;u) 2 -y?-;i/'<>-ir> ; 1, (2-^^;u;:^ 

5^>;;U) -2-:n5=-;u-<.>'-tf>^4s^iff,nS. 
[0 0 14] St. #M¥2-2 5 2 7 9 3^^5rfg{CtS 

Zti^X-^?)o ^(Di^^mtLXit. 2, (4 40 

-^^-^I/j:^^';;!/) t^^i^V; 2, 5-i:7. (4-31^ 
;i'X^U;u) 2, C2- 

t5v'> ; 2, 5 -tf;^ (4-x< h=^ri^ 

t;^i?>; 2, C2- (4-tf7i 

r.;u) tf:::;!/: l::5i/>; 2, 5 - tf ;^ C2- (l-t 
bT, 0|Jx.(^0U^^^1^rFBO 3 8 7 7 1 5^0^ii» 

" [0 0 1 5] ^e,{c. Buia^b^j.:iii.{c, fi^j^K 1 2 - 50 
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yffti^^jy (J.Appl.Phys., 112 7^, L7 13 
(1988^) ) ; 1, 4-i>'7xr.;i/- 1 , 3-:^^:^:^ 
y ; 1, 1, 4, 4-5^ h 57x-;i/- 1 , 3-7'^v 
:c> (Appl.Phys.Lett..^5 6#, L 7 9 9 (1990 
^) ) ; :H7^;i/'r i (1tiB¥2 -3 0 5 8 8 

6^5:?5) ;-<.UV>^^i*: (1tll¥2 - 1 8 9 8 9 0 
^{^m.) ; :3r^+J-->'7'V-;i/^#f*; (#18^2 - 2 1 6 

7 9 l^^&fg. ^tcmz 8 EfSfflfg^^^H^a-^JI^T- 

7;Ui5^>^>^a?f* (!t^M¥2-2 2 0 3 9 3^&*g) ; 
tfv U m^W2- 2 2 0 3 9 4f iifg) ; 

iy^u^y^V:i^ymm^ mm^2- 2 8 9 6 7 5^ 
&m ; t:DDt:D-;u^«^ (!ltii¥2 -2 9 6 8 9 
l^iSilS) ■,y^^'))V7^ymm-W- (Appl.Phys.Lett., 
^56 L799 (1990^) ) feSlMi^ VJ > 
IFJb^^il (#Sg¥2 - 19 16 9 A:^&m.) <&fflV^5C 

i:AST-#So %9tunh\yX\i.'^m^2-2 A 

8 7 4 9 ^BJ|aSS?>"1f M¥ 2 - 2 7 9 3 0 4-^B^^« 
f?N$nfc-S#:{b^^^{f?>nSc ^Tt^H-^sti: LT 
iS. ^e>t:, Hf^^fFWO 9 0/1 3 1 4 8^. Appl.P 
hys. Lett., vol 58, 18,P1982(1991) \zmm^ixX^^^X 

nhx^x. ^sstv^^UT^-f >js{b^i^ (©jiW^rFO 
3 8 8 7 Q B^mmm^t?M<D^(D) ^m^^iztifi^ 

^Ll^^o mitmtLXt±. 1, 4-7xi:^U>i;^5^U 
t'i' > ; 4, 4' -7x — b>-:^;^^'JT'-f > ; 2 . 5 
-:^~>'; U>v'^^U5=f' > ; 2, 6-:»-7^U>i^;< 
^Ut^'-O; 1. 4-t:7ai^l/>t;;<5^'J7=''f > ; 

1, 3L-yyi^y'^^)9'^ y ; 9 , lo 

[0 0 16] ±ga^^*^*4^fflv^fc^^il©Bfig;^^£i: 
L B if ®^*ocd:^ i D ^Mfb-r -5 d i: i t) jfj 

•5c Sfe> m^itm^s 1^M^5 7-5 1 7 8 1^^^ 

^ nT V ^ i) i a , mug if(Di^mm tm^t 
^mh^mMizmi!>'LxmmtLtz(D-^. :Lfi^y-\^y 

::©=t o LTJfM^tife^:>feJl®M»tcoiNTtt#tc 

m5.nin~5/zm®^ffl*5JfS bl^o 
[0 0 17] *^B^®*«IEL«?{Ci5ft5^^fegtt> 
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CO 0 1 8] C:cD*^E L^^tC*5<t5^MhLT{i, 

^b<fflv^e.t^€.o z(DXorj:m,m^m(Dmi^mti.x 

^AuUi^(D±B, Cul, ITO, Sn02,ZiiO'&: 

i)Xhifi. mm Onm~l//m, »Sb<ttl 0~2 
[0 0 19] l«®i:bT(±, tt^M^O/jN^O 

otj^mmmnomt^mtLxi^. Na, Na-K^^, 

Mg, Li, Mg/Cnm^^, AI/AI2 O3 

8Bi:bT®'>-hffitn;{±^Hfi/nJ-:iTiWSb<. Si 
Jlfd:®^ 10~500nm, $fSb<(i50~200n 
m©^HT-31{SnSo 5&4b\ ^©^^EL^T13*5V^T 
ii. K^®XJ±IS«l©l'^rtl>fP-^d5^B^X{±i{i^B^T- 

[0 0 2 0] *^B^{Iia^T. IE?LaAJl, S^aAg 
*)ffli>^<T*) iOo c:it-. IE?LaA*r*4i: bT^ffl 

bv^^4K^*■r5^)©T•fe^^^^J:<\ v^^. ^mBVsn 

{I*5V^T. jE?LaA«Mi:bTtIffl^^^TV^5^)©-^# 

L^?©iE?LaAe{cMffl^tL5:a^©t,©©cfJ3i^ 

e.^^^©4)©<£3IiRbTfflv^5 3i:4ST•t5o ::©iE?L 

aAt^*4tt^ iE?L©aA, «iF.©i?gtt©i^^n3!p^* 

l^o iSjE?LffiA*?^4i:bTB:. mXklV')T'J-)mm 

(^RB#S^^3.112,197^H^i^»W#8B) , 
7^J-)mmVf- (3RB#I1F^3,189,447 ■^B^^»^# 
M) , -f i ^V-)VmmW m&W^ 37- 1 6096^ 




(5) ^li¥5 -3 0 8 0 
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^3,615,402 ^mmm, |5]3,820,989 ^BJ^*, |5]3.54 
2,544 ^BMmm. ^^^4 5-5 5 |B]5 1- 

1 0 9 8 3 5 1 -9 3 2 2 m 

5 5 - 1 7 1 0 5^S?g, |5!5 6- 4 1 4 8-^5?^, m 
55-108667 ^^fa, |5]55-156953^<a 
IS, Ir] 5 6 - 3 6 6 5 6 , t^7\/'J.>^ 

«{*2SitJf7VD>ifigf* (5i€@^g^m3, 180,729 
m9, 1114,278,746 ^0^ffl», 1^11^5 5 -8 8 0 6 4 
^^m. 11155-88065 |B) 4 9 - 1 0 5 5 

10 3 7^i5r®, 1115 5-5 1 0 8 6^^IS, (515 6-8 0 

0 5 1 -^iilg, |Hl 5 6 - 8 8 1 4 1 111 5 7 - 4 
5 5 4 5 ^SiW., |1]54-1 12637 ^^$S, iH 5 5 

-7 4 5 4 6^&fg«#,^) , yoL=-u>i^TS.ymm 

(5feH#fflP^3, 615,404 ^B^^«, iltSES 1-10 

1 0 5 ^i&fg, m 4 6 - 3 7 1 2 ^S^, 111 4 7 - 2 5 

3 3 6^&Wl, 1^MS5 4-5 3 4 3 5^Sfg, IH 5 4 

- 1 1 0 5 3 6 IS154-119925 ^&fg^ 

, y^J-JUTS.ymmi:^ (*g1^lf^3,567,450 

^mmm, ii]3,i8o,703 ^mmm. 1113,240,597 ^B^m 

20 », (113,658,520 -^-Bglffl*, 1114,232,103 ^B^SOS, |1] 

4,175,961 ^mmm. 1114,012,376 ^mmm. n&m4 

9-3 5 7 0 2 (1139-27577 It 
MBS 55-144250 (1156-119132 
11156-2243 i^^m., affi!^i^^l,110. 

518 ^mmmm^m) , z^ysjSA;u=!>if*i* 

B«fF^3,526,501 ^0^i^»^#,^) , :t^V-y-Jm 

mt^ (*@i^w^3,257.203 ^mmmtiit:iztim<D^ 

©) , Jl^Ty h'y-irymmii- {Wm^5 6-46 

2 3 4^S;$g^#,^) , 7;i/;rvy >^jgf* mmm5 
30 4- 1 1 0 8 3 7^S$g^#BS) , t Vf >Kjff{* 

(*ffl^tlf^3,717,462 ^B^^a», 1^M©5 4-5 9 1 

4 3-f-S?S, 1115 5-5 2 0 6 3-^Sfg, 1115 5-5 2 

0 6 4^^®, (115 5-4 6 7 6 0^^5:^, ID 5 5 - 8 

5 4 9 5 (H 5 7 - 1 1 3 5 0 lH 5 7 - 

1 4 8 7 4 9 ^mw- 2-311591 

#.^) , 7.^j\y^ymmi^ (nmrne 1-210353 
^&m:, (5161-228451 m 6 1 - 1 4 6 

4 2 ^^la, 11161-72255 (H 6 2 - 4 7 

6 4 6 ^5:^, 11162-36 674 ^&m.. ID 6 2 - 1 
40 0 6 5 2^ia^, (116 2-3 0 2 5 5^i]fa, |S]6 0- 
9 3 4 4 5 ^&m. 11160-94462 ^^m.. Ill 6 0 

- 1 7 47 4 9-^45:^, IH 6 0 - 1 7 5 0 5 2 ^^Itlg^ 

mumtLXii. ^>^ifymmi^ (*ai^s^ai4 950 

9 5 0^mm9') , ^^^Ui/vVJS (!ttM¥2-2 0 4 9 
9 6 ^&m) . T- <) >lS±tfi^«: (^mW- 2-282 

2 6 3^45;^) , 1 -2 1 1 3 9 9-^B§^» 

50 [0 0 2 1] J^^B^triJO^T l±, c:tieOfb-&^SrIE?L 




9 

y^n >{b^tl (I^PSBS 63-2956965 ^&m.tii 

5^U;UTi Wb^tJ (*ffl1^yF^4,127,412 ^BQ^», 
3^PB® 53-27033 ^^n. 15154-58445^ 
IS154-149634 ^£;|g, |5l54-64 2 9 
9 |5]55-79450 ^Sfg, |B] 5 5 - 1 4 4 

2 5 0 ^SIS, [B] 5 6 - 1 1 9 1 3 2 ^ 6 1 - 

2 9 5 5 5 P]6 1 -9 8 3 5 3-^^5:15, [1]6 

3-2 9 5 6 9 5^^i5:*6^#,^) . ^fCg^S^^Hi^- 

[0 0 2 2] Srf^;i'7 -f u y-fb^cf^^fi^iJi: UT (±> 

y ; 1 , 10, 15, 2 0->^5•7i-;^- 
2 1 H, 2 3 H-;}1;U7'f >il (II) ; 1 , 10, 1 
5, 2 0 -7^ h^7i-;i'2 1 H, 2 3H-5j^;U7-i' > 
MSI (II) ;5, 10, 15, 2 0-=rYy^7. {-<^y 
^7;i/a-ci7x-;U) - 2 1 H, 2 3 H-d^;b7'i' > ; 
ly^jziyy-^'ai^Tz^y-^^i^ Y ; 7;!/ 5. - -7 a 7 a 

>:t^v H ; Mgy ; '7 ^ ^=f-)vy ^ 

tt, N, N, N' , N' -y'hy'y:^-Jiy-4, 4' - 
e^TS-y^xr.;!/ ; N, N' - il^^ 3izi;u-N, N' - 
(3 -^^^-^U^x-;!/) -4, 4' ->'T5.7t:7x 

(TPDA) ; 2, 2 - tT;^ (4 p - b ';;u 
7=yyx.-jv) y^uj^y ; 1, l-ifx (4-$/--? 

- h u;vrs. /^x-;!/) -y^D'Nari^-y ; n, n, 

N' , N' -7^ h5-p- h u;i/-4, 4' -i'TS.y 

tr7x:z;i/; 1, 1 -t:;^ (4 -i^-p- h y 

7xr:;i/) -4-7x:^;i/->^D^dr-y-> ; t;:^ (4- 
i';<5^;U7'i y - 2 -;<5=-;u7x-vi/) y ic-juy. ■ii' 
>; tf;^ (4->'-p- h U;UT5y 7x:n;i/) 7x:^ 
;u^^$'>;N, N' -i/7x::i;b-N, N* -i^ (4- 
^hdrv7x^;U) -4, 4' -v'T i 7 tf 7 x::i;i/ ; 
N, N, N' , N' -5^h^7x-;i/-4, 4' -i^T 
^ 7>>7x-;L'3i-5^>i1/ ; 4, 4' - tT;^ (i;7x:^;U 
7^7) <>yr-H'J7xz:;i/ ; N, N, N- h U (p- 

h';;i/) ; 4 - (v-p- h 'j;uz^7) -4' 

- C4 (i^-p- h 'j;uT<7) 

4-N, li-i/yx.-JVTKy- (2-x7x^;U 
hrn;U) 'O-fV ; S-/' -N, N->^7 

x::i;i/7 5 7;^5^;i/-^>Hf > ; N-7x^;u*;u>'n-^/— 
[0 0 2 3] *^BJ®W^EL^^(;4o(t5iE?LaXS 




(6) 1tffi¥5-3 0 8 0 
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^, ^^y.h^, LBmv(D&^Q(Dwmitmzx*)mm 

it. a'^{±5 nm~5//mT-fe2)o 

(i. i5s3IE?L?f Ail t:«i3J«CD{b-&i^*^ IE?Lt£A 

[0 0 2 4] s^c> mi'iixmntLxmm'^mtiiih-^ 

10 ^#bTV"'?>o COJ^o'im^^aA^f^t-ooTiiv !^ 
tlSJK(i^f<> fie*S:^acDfb-&^<D4'iP?3ffi*©^>CC><S: 

twy ymmw. #iiBg5 7-1492 59^, [5] 5 8 

-55450^, |s]63-10406 1 -^-Srlg^lClBSJ 
^nrv-'STy h 5-^7 ^ >iS^{*, Polymer Prep 
rints, Japan Vol. 37, No.3 (1988),p.681 S|{rf3«$ 
aTV>€)i^7xzi;u:^7 >^igf*, 5^;^tf ^ > 
KK^i*:, :f-7^L'>'^UU'>«a^S7^hvi7;i/;i^> 
*;U#>''f ^ r% Japanease Journal of Appl 
20 ied Physics, 27, L 269(1988) . it^UKS 0-6 9 6 5 
m. |Bj61-143764^, |5]61-14 8159 
-t^lS^? {" bB« ^ nT ^ 7 V :^ L- :^ U > p< ^ > 

#P8Bg6 1-225151-^, |5!61-23375 
0■^SIg*{-laflc^nTV^ST> h^^7 i^;<^' >i§ig 
i^^^ai^^^y h D Appl. Phys. Lett. ,55, 15, 1 

489 ^tuJfi©^3 8 0/tf:^^^S^Ii^S-&«?II^T-?ftE 

5.9 - 1 94 3 9 3^^i^iCia«^nTV^^-3i©«^ 

30 3feJi$:ff^fi)c-rs*r!i4i:bTia^$nrv^i)ds. s^ttti^ 

[0 0 2 5] ^fc, 8-^7 U7-;u^^*©^S^»: 

T'M<*«]i3tty^{^^if^<b^^> IP*.. h^}y^ (8-^ 
7';7-;i/) h^J:y. (5, 7-i^i'DD 

-8-:^r-7U7-;i/) 7';i/^-'7A, h'J;:^(5, 7- 
v7'D^-8 -^7 'J7— ;!/) T;1'5.-'7A, h u ;^ 
(2-^^;V-8-dr7';7— ;U) 7';L'S.-'t7A. iaib 
mzyjUKz^'yA, 1 nLli^CDM s . Cu, Ga, S 
40 n, Pbm^tffeSo ;<^';U7';-$>5l'Mi^^;U7 

)t*^J|e^ t bT b fc i^;^ 5=- u ;i' t: V > fi 
A«i^i:bT^lf e)n^o 

[0 0 2 6] m^aAffii: bT^ffl qJfg^cWWb^tli: 

hffi, LB^^®4^Q©^^<ba6{Cif)M 
8ib-CJfM-r.5-i:A^T-^.5o m^aAgi:bT®IKff 

50 C®«?i£A;iii. c:ne>coS^aA*JSsHfl3Z.tt2« 
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IBS h (iSUfflcDib^tl «^ ?i AH b fc 

OT■S)0-C^)J:t,^, $f,(C*^<g!lT-fe5pS-S i, p 
S-S i ClcJ:5IE?Lr£A«53S*f*4s nS-Si. nS 
-Si C(3j;^«?i£A«aiS«5ts^^a^aA^iS*r!i4J^ 

0/0 5 9 9 8^CH^^^t^TV^?>M^*^^*:«*^^^f e> 

[0 0 2 7] *^BJ®:&?S{Z^OT'fr^E L^^ 

m/Mgom/mm, mm/m^m/ugom/miri£ 
xm/nm, um/iE'^\s&.xm/^tftm/%=?-x^xm/ 
h\gom/nm. ^m/JE^^xm/^^m/Mgom 

mm/iEii^xm/^^m/Mgom/mmt>^<btji 
otf^ix-rffeo^a^^b^^ mx.uB&o, cao, n 

mWT. ^if^b<ttlO~200n mCD^HCDmJSf; 

SD^jSaS 0~4 5 0°C. X^JKl 0-5-1 0-3pa. 
^*iSSO. 0 1 ~ 5 0 nm/sec , aig^Sg^- 5 0 ~ 3 
0 0°C, ^5 nm~5;um©lEfflT-ai[S^Ci:tfM 

^(D±.\.znmmm^ii'<otii^n^^s io~5oo 

nni<!f$b<{i 5 0~2 0 0 nm(D^H®IUPf^'&5 

Ji. -f^iSJliff^MfCbT. IS®. MgOg, IE 
Sii^Jctt. + , Ka4-©Sitti:bT«m5~ 

5, g]Aa-rs2^Sit®SffJiiffi«T-io» 



7) itt|g^5-3 0 8 0 
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[0 0 2 8] 

[^J£«?iJ] ;$:^0^^^3E^?ijlci!3^e>t::Pb<i5i 
^MC^J 1 

2 5 mmx 7 5 mmxl. 1 mmCO-*)-^ XCOB^i^^^& 
I T0«®4 1 0 0 nin®lf $T-<^Sbfc*)®S: 
SB^«1S««^bfc<, ccDSS^-f v:/tI^^;^7';^r3- 
;^{zT 3 0 ^P^S§«^# bfc'*. $i67KT- 3 0 ^fSm^^ 

10 ^StiJfe^bfco C(DiSB^«@*l5*iUg5®^«»a (B 

®ffiJn;M4-:-h{cN, N' -v7ai::i;U-N, N' - 

fcf:^ (3-;'<5^;u7i-;w) - Ci, i' -^y^- 

;vD -4, 4' -vT^ y (TPDA) ■5:2 0 0mgA 
tls ^fcS'JO^U:/7'>S®5}^-hi;4, 4' - (2, 
2' -S/7x^;i/tf-;i') h:7x-;i' (DPVBi) 
2 0 OmgAnTK^^^ 1 x 1 O-^Pa^T-iSSb 
fco ^©^s T P D A A D OfliB^— b 2 1 5 — 2 2 
O'C^T-SatAb. ^«iSaO. 1 -0. 3 nm/S^T-SSS* 
20 ®S^fi±l;^» bt , Mff 6 0 nra®IE?LaAS^«fl* 

7}^— h i !3 D P V B i ^^^e i: bT 6 0 nin«il^« 
bfco ^»^f*tt>J^- hfii^i)^ 2 5 0 °CT-^«aJSA^O. 
1 -0. 2 nm/#. »£~S]SJiSja-t-&-:'fc<, U 
>^7=>Sa®J£ln;SD^^-h^Mg';4^> 1 g^Atl^ ^ 

n) 5 0 Omg&S«bfe= «^e<^ 2 x 1 0 

-4pa^T-«]EbTA>?.. K^ff F*) t::^^ 8 x 1 
30 0 -2PaC%?)io(C2§Ab> Mg^:Ant4?-b4»n 
SSfbTMg^^er^:£?-y-^*jSSO. 0 5 nm/li)T-% 
3tJl±tI^*b-C, BMl 0 nmC^'fb'^ii^rWMb 
f=» SI>'K^)1S:2X 1 0-4pa^T-j«mbT 

I n©A^fc**-b^5 0 O-CST-iDflfbT, I 
nS^SiSjffiO. 0 3—0. 0 8 nm/PjXmM^-&. [5lB# 
CffiKSD»?Si^ i i3 ^ ^,-5-:^®**-hA»?5Mg©A^ 
^.;}^_I.^8 0 0•CST•^a^bT^ Mg^^SilJSl. 7 
-2. 8 nm/#-C-M«b/to J-:i±©^{*T% InhMg 

©s-&^ia«i^^?6/i-tt^ 1 5 0 nm«s^abMrn] 

g/I n?g-&«M^Pi@i:bT. g]}!in«E3 0V, «a^t 
S-JSS 0 OmA/cm2 x- 3 0 0 0 c d/m2 O^S© 

EPJ!lDSffi3 2. 5 Vr-S6^bfeo 
[0 0 2 9] ^M^?iJ 2 

^^@C2, 5-1^;^- (2. 2' -vV'57hu;n;- 

;u) ^i'Uy^fflVV Mg0^iP5r 2 0 nmfCbfcW.^I' 
Hffifi^Jl i:Plfl|{cb-r*#EL^^$<^fiS,bfc. - 
CD^t^E L^?© I TOS:^®. Mg/InS^a«S& 
50 bTfeiAaSE 3 5V. Mm^m 3 6 0 m A/ c 
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m2 T- 1 7 2 2 c d/m2 
[0 0 3 0] USEM 3 

^itgicbU:^ (8-=^>";y-;i') 7';u^=.r>A (a 

Mg/I n?g^«^5reMi:bT. Ei3iiDSE3 0V, « 
^^iS4 0 OmA/cin2 f 5 0 0 0 c d/m2 ©SiS 

^ttEpjnmE3 5 VT-5Sti bfc= 
[0 0 3 1] ^ifS^J 4 

-y hSISJb^^^f F*!t;fe?>*:?t^-^^*iit^®lfxMt4 

Aa«^b> ^^aJSO. 0 5 nni/#T-^.»$-^. MM 1 0 
nmCD^ibtl^irSttbfco COW^EL^^CITO 
Mg/I nrg^«@^Piffii:bT, EpSomES 
0 V, S^^fi3 0 OmA/cm2 2 0 0 0 c d/m 
2 (3Dli«©±9-:fe»e^iteS:ft^bfeo ^7c> CO^^ 
E L^^ttEPiamJE 3 5 V-C-K^bfec 

[0 0 3 2] mmm 5 

MgOD-ftfcfJtC^^'U •j?^ (Ba) ^ffll^fciil^tt, ^JE 
i?ijl i:|5l«CbT#^E L^^^^tfigbfcc E|]*>, Mg 

o®ftt)t){3Bao^, mmtm9tm<D?si^mxLrzo 

::®BaO(i. ^U7'7^>©;}^-b^8 0 0°CCiD^ 
b^ ^SiiSO. 0 5 nm/#T-^S^-l±T?#ejnfco 
;pttl OnmT-Sofc. ^©*MEL^?® I TO^I® 

Mg/I nil^«Bi^Pi*li:bT> mami£3 0 
V. S?S^fi2 5 0 mA/ cm2 f 1 2 0 0 c d/ni2 




(8) !^PB¥5-3 0 8 0 
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L^:Fttg]*D«E 3 2. 5 VT-Sfe^bfeo 
[0 0 3 3] it^m 1 

Mgo^&i5(t'SipotJ-:^^^{i^ iis£fl?ij i tmmi^ lx 

H®. Mg/I nrg^«®<£PiffifcbTs EPAnSE12. 
5 V, «oit^ftl 5 0 0mA/cm2 x- 1 5 0 0 cd/ 
m2 ®«¥)K®itg 1 0 0 /imgJgCD U >^^(DB^<Dm 
^^t/i^mmLtz. sfe. c:cD#^EL*^!iff!Aa«E 
10 15V-t'ffiE«bfeo 

[0 0 3 4] (M g om^BS.(Dmm) nMm i i: 

l5lb^ffT-> K^5^i'>^^•-^-^2r^f Ab> ^SMg 
$rfgSi;Sa^bT^^^-&> 5=-^>^^— l*lT-^ibb> Au 

^JfAbfeo ) **7;^SIfi±{r^a^HJ-Kff 3 0 nm« 
M€:f'^fi!cbfeo CI®M^XPS (X^i>t«^^^S) T- 
:a•|ffbfefe^^ Mg®f— <>®->:7 hi:IR(*icDMgi:^ 
«fflSOffl^i)^?3^ C®MttMgOT-fe2.Ci:<&Sil?.b 
20 tzo 

[0 0 3 5] 

PiffiwF^ic^Mtts (4.oevy.±) (D^mMitmm^n 

AbT^S^^EL^^fi, WmjE'ffiS:[R]±$-t±. 1^^ 
^if>(riSV^:3i^;UiP-af:i. .yT" (4. 0 e Vti.±) (D^^ 

ti^X-^^ol/tr^X. :$;^B§fi> -ft.#xa, ^{Cg^^ 
30 ^®^^T-WaJ-^Jfflt-?>Cl t*^W^T-ti><, 



